Objective: To evaluate relationships among cognitive, behavioral, and psychiatric/psychosocial measures assessed in a multicenter cohort of patients with amyotrophic lateral sclerosis (ALS).
The purpose of this study was to investigate the relationship between cognitive-behavioral and psychiatric/psychosocial characteristics observed at baseline for 355 patients in the amyotrophic lateral sclerosis (ALS) Multicenter Cohort Study of Oxidative Stress (COSMOS 1 ). While an association between cognitive deficits and depression repeatedly has been shown for patients with cognitive decline in late life, 2, 3 and medically healthy patients with depression, 4, 5 little is known about such an association for patients with ALS.
The COSMOS included 4 areas of inquiry: environmental exposures, dietary habits, cognitive-behavioral, and psychiatric/psychosocial features. Results from the cognitive and psychiatric/psychosocial baseline data of COSMOS, 6, 7 previously published separately, are integrated in the current analysis. We 6 had found that 60% of patients had mild to moderate executive functioning impairment on a short screening battery, somewhat higher than reported elsewhere, [8] [9] [10] while on behavioral measures (emotional-interpersonal function), 30% had mild or moderate impairment, 5 consistent with other reports. 8, 11 Of 247 patients with complete data on the ALS-Cognitive Behavioral Screen (CBS), 50 (20%) showed impairment on both cognitive and behavioral measures. Those with behavioral problems were more likely to have cognitive deficits.
In contrast, we 7 found that only 12% of COSMOS patients had a clinical depressive disorder, including 7% with minor depression and 5% with major depression, consistent with prior findings. [12] [13] [14] [15] Of the 62 patients (19%) who expressed a wish to die, only 23 (37%) were clinically depressed. METHODS Research questions. Based on prior findings, we sought to address these questions: (1) Are depression rates elevated among patients with cognitive impairment? (2) Are depression rates elevated among patients with behavioral impairment? (3) Conversely, do depressed patients have more cognitive and/ or behavioral impairment than those without depression? and (4) Is wish to die, reported by 19% of the sample in the depression study, related either to cognitive or behavioral impairment, and are patients with intact cognitive function more likely to express such a wish? We include measures of depression, and also psychosocial ratings of quality of life, hopelessness, positive and negative mood, and level of partner support.
Sample. Sample size was determined for the environmental exposure component of the COSMOS. Sixteen geographically distributed study sites enrolled patients between January 2010 and April 2013. Recruitment numbers ranged from ,10 to .100 per study site. Eligibility criteria included a definite, probable, or possible ALS diagnosis according to the El Escorial/Airlie House revision 16 with the addition of the Awaji criteria to increase the chance of early diagnosis. 17 In addition to being willing to return to the study site for follow-up visits, the patient had to have a reliable family caregiver who also consented to a structured interview. Exclusion criteria included familial ALS based on a clear history of disease in first-degree relatives or a positive familial ALS molecular test result such as SODI or C9 or f72 mutations, major neurologic disease other than ALS, and any unstable medical conditions requiring treatment. More detailed descriptions of the inclusion/exclusion criteria, study rationale, design, power calculations, and measures are presented elsewhere. 1 Patients, who were potentially eligible, were asked during routine clinic visits if they would like to participate after the study was described.
Standardized assessments. The following measures were administered: sociodemographic queries, the ALS Functional Rating Scale-Revised and forced vital capacity, 7 psychiatricpsychosocial measures including the Patient Health Questionnaire-9 (PHQ-9), a widely used screen for depressive disorders that generates both a diagnostic category according to DSM-IV 18 and DSM-5, 19 and a depression severity rating. 20 The PHQ also includes an item, "thoughts that you'd be better off dead/thoughts about ending your life," which we used separately in some analyses of Wish to Die. Other ratings assess hopelessness, stress, quality of life, partner support, and a set of 12 visual analog scales (VAS). [21] [22] [23] [24] [25] [26] Measures of executive function and behavioral impairment include the ALS-CBS 27 and the ALS-Frontal Behavioral Inventory (FBI). 28 The cognitive tests were selected to assess executive function and select language skills because the ALS variant of dementia is known to be of the frontotemporal lobar dementia subtype. The consensus criteria of Strong 29 was used to classify impairment as absent, mild, or moderate. We included the Mini-Mental State Examination (MMSE) 30 because it is the standard screen for cognitive impairment in psychiatry and geriatrics. A description of the measures is provided in table e-1 at Neurology.org, including number of items, contents, score range, and cutoffs (where applicable).
Procedures. Telephone interviews were conducted by trained interviewers at Columbia. Psychological scales were sent to the patients in advance via mail to prepare them for the interviews. Neuropsychological assessments were conducted at each study site by trained raters.
Standard protocol approvals, registrations, and patient consents. The coordinating site institutional review board (Columbia University, New York) and each of the local institutional review boards approved the study protocol, and all participants gave informed consent.
Data analysis. The Data Coordinating Center at Columbia managed all data. Statistical analyses were conducted using SPSS Statistics version 22.0 (IBM Corp., Armonk, NY). Demographic data across various groups were analyzed using either the t test for continuous variables or analysis of variance procedures for categorical variables, dependent on grouping measures. Psychological measures were compared in those with and without impairment using analysis of covariance, controlling for an a priori set of covariates including age, sex, duration of ALS-related symptoms, education, race, and ethnicity. Cognitive and behavioral continuous measures were examined across PHQ Depression diagnoses using analysis of covariance procedures controlling for the same set of covariates.
Cognitive impairment classification is based on the Cognitive subscale scores on the ALS-CBS (see table 1 ). Hereafter, for the sake of brevity, we use the nomenclature "none," "minor," and "moderate" to indicate patients with no cognitive or behavioral impairment, respectively. We do not add the modifier "executive function" every time we use the term "cognitive." Depression diagnosis using DSM-IV was determined by the PHQ-9. 20 The subgroups of minor and major depression were combined because there were so few cases of major depression (total n 5 16).
As stated in our earlier publication using this dataset 7 : "The same procedures were applied to compare the patients grouped by the 4 response options to the PHQ queries about 'wish to die.' When we modified the original PHQ item, 'thoughts that you would be better off dead or of hurting yourself in some way' by separating the component parts into passive thoughts ('better off dead') and active thoughts (revised to state, 'thoughts about ending your life'), we had expected that patients who endorsed the latter would have higher rates of depression, but we found identical rates. We therefore included all patients who endorsed either one or both components, and in calculating severity, used the component with the higher score (greater frequency of thoughts). When comparing PHQ total scores for the four response options on the 'wish to die' item, we used a modified total PHQ score excluding the 'wish to die' item and pro-rating items included in the total score. Because of the multiple analyses conducted, we use p , 0.01 to signify statistical significance." RESULTS Sample. The ALS COSMOS enrolled 355 patients. Another 477 potentially eligible patients declined participation. They did not differ from the 355 enrolled patients according to demographic characteristics, disease duration, and El Escorial Criteria diagnostic groups. Patients with complete data on both psychiatric/psychosocial and cognitive/ behavioral measures constitute the current sample of 247. Of these, 79 patients (32%) had neither cognitive nor behavioral impairment (using ALS-CBS criteria), 100 (40.5%) had only cognitive impairment, 23 (9.1%) had only behavioral impairment, and 45 (18%) showed impairment on both cognitive and behavioral measures.
Demographic and medical characteristics are shown in table 1. Overall, the participants were predominantly white, well educated, and had health insurance. One-third were still working at study entry, and the clinical measures indicate generally early disease, not unexpected as recruitment was performed at or shortly after diagnosis.
Association between cognitive impairment and depression/ distress. Are patients with cognitive impairment more likely to be depressed? As shown in table 2, cognitive impairment level (none, minor, moderate) was unrelated to a diagnosis of depression or any other measure of distress (Positive and Negative Affect Schedule [PANAS] negative mood, hopelessness, stress [Global Assessment of Recent Stress], or quality of life). None of the 12 VAS instruments differed between groups. However, the groups did differ in amount of both positive (supportive, encouraging) and negative (critical or avoidant) partner responses on the Manne Scale as reported by patients. While the pattern for positive support across groups is not linear and the differences are modest, there is a stronger association with negative support.
The ALS-CBS Cognitive subscale and the MMSE were correlated (r 5 0.317, p , 0.001, Pearson r 5 322, p , 0.001 [n 5 235]), despite the attenuated range of the latter. In addition, patients with cognitive impairment had lower MMSE scores than patients without cognitive impairment measured by the ALS-CBS.
Association between behavioral impairment and depression.
Are patients with behavioral impairment more likely to be depressed? Table 3 shows considerable and consistent associations among disease characteristics, behavioral measures, and depression, albeit with moderate effect sizes. Patients with behavioral impairment were more likely to have depressive symptoms, lower levels of positive affect and higher levels of negative affect, higher mean scores on measures of hopelessness, lower quality of life, and higher stress levels. On VAS instruments, patients with behavioral impairment had higher scores on the dimensions of suffering, anxiety, and weariness, and were less hopeful than patients without behavioral impairment. In addition, depressed patients had higher scores (more behavioral impairment) on the FBI-ALS.
There was no relationship between our behavioral measure of impairment and the MMSE: r 5 0.080, p 5 0.227 (n 5 230); Pearson r 5 0.071, p 5 0.287 (n 5 230).
Association between depression and cognitive and/or behavioral impairment. Total means on the subscales of the CBS were compared for patients with and without depression (table 4) . Although patients with depression did not differ from those without depression on the Cognitive subscale (p 5 0.996), behavioral impairment and depression (ALS-CBS Behavioral subscale) were associated with each other (p 5 0.012), and FBI-ALS (p 5 0.013). MMSE scores did not differ between those with or without depression. Analyses with 4 patient groups. We repeated the above comparisons using 4 groups of patients: group 1 5 no impairment (n 5 79); group 2 5 cognitive impairment only (n 5 99); group 3 5 behavioral impairment only (n 5 23); and group 4 5 both cognitive and behavioral impairment (n 5 45). After control for age, duration, sex, education, and race/ethnicity, groups 1 and 2 had lower PHQ scores (were less depressed) than groups 3 and 4 (df 5 3,236; F 5 7.41, p , 0.001, data not shown). In general, less distress was found for patients with either no impairment or only cognitive impairment; these measures included negative affect (PANAS), hopelessness, quality of life, partner support, and the VAS instruments of depressed mood, weariness, and anxiety.
What is the association between wish to die and cognitive or behavioral impairment? Frequency of wish to die was classified as absent, several days per week, or more than half the days per week. No associations were found between caregiver ratings of depression in patients and our classification of mild or moderate cognitive or behavioral impairment (data not shown). Thoughts about ending life or being better off dead seem unrelated to either cognitive or behavioral changes associated with ALS as measured here, including the MMSE. We then examined the relationship between patients' thoughts about ending their life, and caregiver ratings of the patients' depression as well as with the patients' own ratings of their depression on the PHQ scale. Caregiver-patient agreement is statistically significant in both comparisons but in the "fair" range of agreement using the k statistic. Thus, when patients reported minor or major depression, 40% (12/30) of the time, the caregiver said the patient was not depressed. DISCUSSION When depression ratings were examined for patients with and without behavioral impairment (CBS Behavioral subscale), nearly all psychiatric/ psychosocial measures differed: patients with behavioral impairment experienced more depression, lower scores on positive mood and higher scores on negative mood, more hopelessness, more negative partner support, more stress, and lower quality of life. The consistency of these findings is noteworthy. Similarly, the other measure of behavioral impairment, the FBI-ALS, was also associated with depression. The causal direction, however, is not clear in this cross-sectional assessment.
Across numerous comparisons, we found no relationship between the CBS or MMSE measures of cognitive impairment, and any measure of depression, distress, or wish to die. The one exception is the Criticism subscale of the Manne Scale of Partner Support. Items on this subscale include these: "did not seem to respect my feelings"; "criticized the way I handle my disease." Cognitive impairment may pose additional burden on caregivers, affecting their attitudes to the extent that patients notice a change. Absence of positive support and critical responses from caregivers may have negative effects on patients. 25, 31 Although the MMSE is considered an inadequate measure of cognitive impairment in ALS, we did find a significant correlation between the ALS-CBS and MMSE. However, only 2% had scores below 24 (total range is 0-30), which is the MMSE cutoff for cognitive impairment. This finding is supported by the literature and is considered to reflect the fact that the MMSE is weighted toward Alzheimer disease (AD)-based memory impairment and is not sensitive to the executive functioning changes seen in ALS dementia.
The striking contrast between the risk in patients with behavioral impairment and those with cognitive impairment suggests that clinicians may offer additional evaluation and resources to patients with behavioral changes and their families as they appear specifically at risk of comorbid depression, stress, and poorer quality of life. Since the ultimate goal of our research is to improve patient care, this important finding needs further study including the development of targeted interventions for patients, family, friends, and aides.
Expressions of a wish to die were unrelated to either cognitive or behavioral impairment. In our earlier report, we did find associations among depressive symptoms, measures of distress, and wish to die. 6 However, of the 62 patients who expressed a wish to die in this study, only 23 (37%) were clinically depressed. This may account for the apparent inconsistency in the current study of finding an association between depression and behavioral impairment, but no association between behavioral impairment and wish to die.
Most patients who expressed a wish to die were not clinically depressed, which is useful to consider in the context of policy debate about physician-assisted death. Opponents suggest that patient autonomy and self-determination are obviated by the presence of Table 4 Associations among patient characteristics, psychological measures, and PHQ-MDD a
No depression
Minor/major depression d ALS-CBS Behavioral items of significance: 01 5 less interest in friends or activities (p , 0.001); 05 5 withdrawn from others but not sad (p # 0.001); 06 5 more easily confused and distracted (p 5 0.019); 07 5 less able to deal with stress . (p 5 0.003). e FBI items that were significant: 01/apathy, ,0.001; 02/aspontaneity, 0.047; 09/logopenia 0.001.
depression and associated cognitive impairment. Our data showed no consistent association between depression and cognitive impairment, only a minimal association between depression and wish to die, and thus no evidence of association between cognitive impairment and wish to die for most patients. Patients with ALS should not be excluded from physician-assisted death participation (where legal) based on such assumptions. Given the association between cognitive impairment and depression in the psychiatric literature, we would have expected to find an association here but we did not. Perhaps the brief depression and cognitive impairment screens used in this study were insufficiently sensitive. Another possibility is that these patients had milder depression or cognitive impairment than patients reported in studies showing such an association. Alternatively, this ALS sample may differ from patients studied in the depression and AD literature, which dominate the depression-cognition field. The frontotemporal cognitive changes seen in ALS are distinct in that they are characterized by more anterior, limbic regions, as opposed to the predominantly posterior neuron loss in AD. Conceivably, the unique pattern in ALS-frontotemporal dementia (FTD) neuronal loss in bilateral 32 or predominantly right hemisphere 33 frontotemporal emotional circuits disrupts the typical circuitry underlying depression seen in AD, for example. This may explain why we found little evidence of depression in patients with ALS who had purely cognitive deficits.
Ninety percent of our patients did not meet criteria for a full dementia diagnosis (FTD), and were only recently diagnosed with ALS. We were able to compare patients with and without depression, all of whom had behavioral impairment (groups 3 and 4). As it turned out, they did not differ on any psychiatric or psychosocial scale and were combined in all of our analyses of behavioral impairment. The foregoing discussion of neuronal loss accounting for the absence of depressive affect is thus unlikely to apply to this sample. An alternative explanation is that these patients were not clinically depressed.
Study limitations. Although the cognitive and behavioral screening tests we used have been validated in the ALS population, future studies of the relationships among depression, wish to die, and cognitivebehavioral functioning would be strengthened with the use of a full neuropsychological examination and the Strong criteria. 29 Furthermore, the ALS-CBS behavioral ratings were all made by the patient's spouse or other family caregiver, not on clinicians' observations of behavior. If the spouse is depressed or burdened by their role, they may not be impartial reporters.
This study is unusual in that we disentangled cognitive and behavioral changes in patients with ALS.
Our findings suggest that behavioral changes seen in patients with ALS may reflect more widespread clinical problems, while reduced cognitive function has fewer associated manifestations.
The role of depression in AD and vascular dementia is well established, but the role of depression in FTD is not. A recent meta-analysis found considerable variation in the presence of depression in patients with FTD, echoing our findings and suggesting that a more rigorous and standardized approach is needed. 34 Overall, we found a consistent pattern of psychological distress and depression associated with behavioral impairment as reported by family caregivers on the ALS-CBS. Problems for either patients or family caregivers related to behavioral problems are seldom addressed by clinicians. We did not find an association between distress and depression with cognitive impairment, measured by either the ALS-CBS or the MMSE. Our findings are based on cross-sectional data. Longitudinal data would show whether depression and behavioral impairment are causally linked, and if so, in what direction. Establishment of such a link would facilitate interventions likely to have a therapeutic influence on both domains.
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